Effects of niacin or ni-~cinamide in diets containing either soybean meal, raw whole soybeans or whole soybeans extruded at 132 and 149 C on ruminal bacterial fermentation were examined with a dual-flow continuous culture system. In Exp. 1, soybean sources each provided 50% of total crude protein in diets comprised of 52% concentrate mix, 36% corn silage and 12% alfalfa hay (dry-matter basis). Each diet was supplemented with 0 or 100 mg/kg niacin. Niacin supplementation increased (P<.05) total nonstructural carbohydrate digestibility and lowered (P<.OS) butyrate concentration. There was also an increase (P<.IO) in amino acid effluent flow from 8,413.3 to 8,665.3 mg/d with addition of niacin to the diet. In Exp. 2, diets were supplemented with 0 or 100 mg/kg of niacin or niacinamide. The total mixed diet was comprised of 60% concentrate mix, 20% corn silage and 20% alfalfa hay (dry matter basis). Acid detergent fiber and cellulose digestibilities and total amino acid effluent flow were higher (P<.IO) with niacinamide supplementation. Niacin or niacinamide had no effect on dry matter and organic matter digestibilities, ammonia-N, total VFA concentration or crude protein degradation. Contrary to results found in other studies, niacin or niacinamide supplementation had no effect on bacterial protein synthesis.
tozoal numbers, however the same effect was not observed with the addition of niacin to unheated soybean meal. Ruminal protein synthesis was lower in cattle fed heated soybean meal than in those fed unheated soybean meal (525.8 vs 746.8 mg bacterial N/g total N). Niacin supplementation of heated soybean meal increased bacterial protein synthesis (589.3 mg bacterial N/g total N). Heat treatment of soybean meal appeared to render niacin unavailable to the protozoa and may also have reduced bacterial synthesis of niacin. Presently, there is a lack of information comparing niacin and niacinamide and whether or not niacinamide can adequately replace niacin in ruminant diets. The objectives of the current study were 1) to determine the effect of niacin supplementation on bacterial protein synthesis and other ruminal fermentation measurements in continuous culture when several heat-treated soybean sources are fed and 2) to compare niacin and niacinamide in their ability to promote bacterial protein synthesis.
Materials and Methods
The dual-flow continuous culture system 1253 JOURNAL OF ANIMAL SCIENCE, Vol. 61, No. 5, 1985 designed to allow differential solid-liquid removal rates used in this study was modified from that described by Hoover et al. (1976 Hoover et al. ( , 1984 . Modifications included a decreased fermenter volume (1,030 ml) and use of a coaxial heat exchanger attached to the head plate of each flask to maintain temperature at 39 C. Fermenters were purged continuously with N 2 at the rate of 40 ml/min measured with a bubble type flowmeter. A mineral-buffer solution (Weller and Pilgrim, 1974) , with urea added at .5 g/liter in Exp. 1 and .4 g/liter in Exp. 2, was infused at 1.65 and 1.72 ml/min, which gave liquid dilution rates of 9.6 and 10%/h in Exp. 1 and 2, respectively. Mean solids retention times of 18 and 20 h were maintained in all fermenters in Exp. 1 and 2, respectively, by adjusting the ratio of the filtered:overflow effluent volumes. The pI-I was maintained at 6.25 and 6.30 + .1 in Exp. 1 and 2, respectively, by infusion of 3N HC1 or 5N NaOH. Fermenter operation, sampiing, calculation of flow rates, filter construction and pH control have been described previously (Crawford et al., 1980; Crawford et al., 1983) .
Inoculum was obtained from a ruminalcannulated Holstein cow and was strained through two layers of cheesecloth. In Exp. 1, the cow was fed a diet of 25% alfalfa hay, 25% brome hay and 50% concentrate mix on a dry-matter (DM) basis. The concentrate mix contained 51.1% ground corn, 25% ground oats, 15% soybean meal, 5% dried molasses, 1.5% limestone, 1.0% monoammonium phosphate, .9% trace mineralized salt, .3% vitamin (A, D) premix, and .2% magnesium oxide (DM basis). In Exp. 2, the cow was offered a diet of 21% corn silage, 36% alfalfa hay and 43% concentrate mix on a DM basis. The concentrate mix was the same composition as that used in Exp. 1.
In both experiments, fermenters were fed 75 g DM of a pelleted diet, given in eight equally spaced portions over a 24-h period. In Exp. 1, diets were comprised of 12% alfalfa hay, 36% corn silage and 52% concentrate mix on a DM basis. The concentrate mix (table 1) Components of each diet in both experiments were ground through a 2-mm screen, mixed and pelleted (6 mm diameter • 10 mm long)to facilitate automatic feeding.
Each experiment consisted of three experimental periods, with 5 d of stabilization followed by 3 d of sampling in each period. Effluent collection vessels were maintained in a 2 C water bath and an aqueous saturated HgCI2 solution (1 ml/50 ml effluent) was used to retard microbial growth. Solid and liquid effluents were combined, homogenized with a Brinkmann Polytron s for 5 min and a 600-ml sample was removed daily during the 3 d of sampling. The three individual samples from each fermenter were composited and a portion was freeze-dried for each period. All analyses were conducted on composite samples. Fresh composite samples were used for N, ammonia-N (NH3-N) and VFA analyses. Freeze-dried samples were ground through a 1-mm screen and used for all other analyses.
Bacteria were harvested from fermenter contents remaining on the last day of each period by straining through two layers of cheesecloth. Strained contents were centrifuged at 1,000 • g for 10 rain to remove feed particles. Bacteria were separated from the supernatant by centrifuging at 20,000 x g for 20 min and freeze-dried.
Ammonia-N was determined by steam distillation (Bremner and Keeney, 1965) . Volatile fatty acid concentrations were determined using a Hewlett Packard 5880A gas chromatograph 6 with a Carbopack c/.3% Carbowax 20 m/.1% H3PO4 column 7. Samples were prepared for analysis by the method of aSBM = Soybean meal; RAW = ground whole soybeans; 132 C = whole soybeans extruded at 132 C; 149 C = whole soybeans extruded at 149 C.
bDry-matter basis.
Clncluded the following fatty acids: C14:0, C16:0, C16:1, C18:0, C18:1, C18:2 and C18:3. Erwin et al. (1961) . Nitrogen contents of diets, effluent and bacteria were determined by the macro-Kjeldahl procedure (AOAC, 1975) . Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were determined according to the procedures of Goering and Van Soest (1970) . Total nonstructural carbohydrate (TNC)was determined as described by Smith (1969) , modified to use ferricyanide as a colorimetric agent instead of the Shaeffer-Somogyi copper iodometric titration method. Diaminopimelic acid (DAPA) concentrations were determined for effluent and bacterial cells by the procedure of Czerkawski (1974) . Diet and effluent samples were prepared for amino acid analysis using a modified procedure of Moore et al. (1958) . Amino acid concentrations were determined on a Beckman Full Automatic 763 amino acid analyzer s. A microbial assay described by the Association of Vitamin Chemists (1966) and Goldsmith and Miller (1967) was used to determine niacin concentrations in diet and effluent samples.
Effluent DM was determined by weighing 500-g samples of homogenized effluent and freeze-drying.
Freeze-dried samples were weighed, then ground through a 1-mm screen. One-gram samples of freeze-dried effluent were weighed, dried at 105 C for 24 h and absolute DM was determined. Dried materials were ashed s Beckman, Paio Alto, CA.
at 550C for 16hin a muffle furnace to measure organic matter (OM) content. Dry matter and OM digestibilities were calculated as described by Crawford et al. (1980) , except that corrections were made for loss of buffer salt occurring during freeze drying and bacterial DM and OM contribution were determined by DAPA analysis.
In Exp. 1, two banks of four fermenters each were used, while in Exp. 2, one bank of three fermenters was used. Each experiment consisted of three replications (three experimental periods) for each treatment. Data were analyzed using the general linear model of the statistical analysis system (SAS, 1979) in both experiments. Exp. 1 was analyzed as a randomized complete-block design with a 2 • 4 factorial arrangement of treatments, the main effects being niacin supplementation and soybean source; Exp. 2 was analyzed as a randomized complete-block design. Duncan's multiple range test (Duncan, 1955) Buziassy and Tribe (1960) reported that bacteria prefer to use available niacin in the diets rather than synthesize their own. Net niacin synthesis for diets supplemented with 0 and 100 mg/kg niacin was +2.01 and -2.54 mg/d, respectively.
True DM digestibilities (table 4) for fermenters fed diets that contained 0 or 100 mg/kg added niacin were 52.9 and 51.8%, respectively, and were not affected by niacin supplementation. Apparent and true organic matter (OM) digestibilities were also unaffected by niacin supplementation. Total nonstructural carbohydrate digestibility was higher (P<.05) for the diet containing 100 mg/kg niacin. Structural carbohydrate digestibility was not affected by niacin supplementation.
The influence of niacin on VFA and nitrogen metabolism is shown in table 5. Total VFA was not affected by niacin supplementation. Butyrate was lower (P<.05), while other VFA were not affected by niacin supplementation. Previous studies have found either no effect on VFA concentration (Shields et al., 1983) or an increase in propionic acid (Riddell et al., 1980; Arambel et al., 1982) with the addition of niacin. Niacin supplementation did not affect either ammonia-N or degradation of dietary crude protein. Niacin supplementation also had no effect on effluent N flow. Bacterial N in the effluent was 1,413.2 and 1,428.3 mg/d when diets contained 0 and 100 mg/kg added niacin, respectively. Results from the current study indicate no significant increase (34.7 vs 35.6 g N/kg OM truly digested) in efficiency of bacterial protein synthesis due to niacin supplementation. This is contrary to previous studies Where niacin supplementation was found to improve in vitro microbial protein synthesis. Schussler et al. (1978) showed an increase in microbial protein synthesis when inoculum was removed from sheep fed high roughage-low concentrate diets supplemented with niacin. Increases in microbial protein synthesis with the addition of niacin have been reported by several others (Bartley et al., 1979; Riddell et al., 1980 Riddell et al., , 1981 Shields et al., 1983 ). In contrast, Schaetzel and Johnson (1981) and Danesi et al. (1984) found no significant improvement in microbial protein synthesis or in any other ruminal measurements. Schaetzel and Johnson (1981) observed an increase in total VFA production when inoculum from a donor Efficiency of bacterial protein synthesis did not differ among diets and ranged from 34.3 to 35.5 g N/kg OM truly digested, and was similar to results found with lactating dairy cows using similar diets (Santos et al., 1984; Stern et al., 1985) . The discrepancy between the use of amrnonia-N and DAPA as indicators, of protein degradation is most probably attributed to the problems associated with DAPA. Besides the inherent problems associated with DAPA and other microbial markers, it should be recognized that these procedures have a common problem (Stern and Hoover, 1979) . Sampling of ruminal contents and its subsequent fractionation into microbial fractions is one of the most difficult aspects of microbial investigations in the rumen. Microbes are generally obtained by differential centrifugation of ruminal fluid, which usually includes a low-speed centrifugation step to remove food particles. Many protozoa, large bacteria, clumps of bacteria and bacteria which remain firmly attached to feed particles, may be lost during this step. After high-speed centrifugation, the bacteria obtained may form only a small part of the ruminal bacteria and may be less metabolically aEach value is the mean of six fermentations.
Item
bSBM ffi soybean meal; RAW = ground whole soybeans; 132 C ffi whole soybeans extruded at 132 C; 149 C = whole soybeans extruded at 149 C.
CStandard error of the treatment means.
d'eMeans in the same row that do not have a common superscript differ (P<.05).
active than the greater numbers of bacteria that are associated with food particles.
The influence of soybean source on effluent flow of amino acids is presented in table 8. Total amino acid flow was greater (P<.05) for the 132 and 149 diets than the SBM and RAW diets. Essential amino acid flows were generally higher for extruded soybeans than for RAW or SBM diets.
Exp. 2. Niacin flows from the fermenter flasks were 2.64, 2.42 and 2.40 mg/d for C, NC and NCD treatments, respectively. Niacin intakes (mg/d) for the three respective diets were .80, 5.78 and 5.54 (niacin equivalent). Net niacin synthesis for the C, NC and NCD treatments was +1.84, -3.36 and -3.13 mg/d, respectively. Results are similar to those found in Exp. 1, in which bacteria fed a diet without niacin supplementation were forced to synthesize niacin, while bacteria fed niacin-supplemented diets degraded niacin. These results are consistent with the observations of Riddell et al. (1985) , who found in vitro that niacin synthesis was greatest with no niacin supplementation, while small quantities of supplemental niacin decreased niacin synthesis and higher concentrations of supplemental niacin were degraded during fermentation. It appears that there is a concentration of niacin in the rumen that is optimal for bacterial synthesis of niacin;below this concentration synthesis will occur and above it the excess niacin is degraded by the bacteria. Therefore, concentrations used in the current study (100 mg/kg diet), with the type of diet fed, possibly decreased niacin synthesis and increased niacin degradation.
The influence of niacin and niacinamide on digestibilities of various dietary components is shown in aEach value is the mean of six fermentations. bSBM = soybean meal; RAW = ground whole soybeans; 132 C = whole soybeans extruded at 132 C; 149 C = whole soybeans extruded at 149 C. estandard error of the treatment means.
fTotal amino acids included: Arg, His, Ileu, Leu, Lys, Met, Cys, Phe, Thr, Val, Ala, Asp, Glu, Gly, Pro, Set, Tyr. aEach value is the mean of three fermentations.
bc --Control; NC = niacin supplemented at 100 mg/kg diet dry matter; NCD = niacinamide supplemented at 100 mg/kg diet dry matter.
Cstandard error of the treatment mean.
dTrue digestibility was corrected for bacterial matter.
e'fMeans in the same row with different superscripts differ (P<.10). aEach value is the mean of three fermentations. bc = Control; NC = niacin supplemented at 100 mg/kg diet dry matter; NCD = niacinamide supplemented at 100 mg/kg diet dry matter.
CStandard error of the treatment mean. aEach value is the mean of three fermenters. bc = Control; NC = niacin supplemented at 100 mg/kg diet dry matter; NCD = niacinamide supplemented at 100 mg/kg diet dry matter.
CStandard error of the treatment mean. d'eMeans in the same row that do not have a common superscript differ (P<.10). fTotal amino acids included: Arg, His, lieu, Leu, Lys, Met, Cys, Phe, Thr, Val, Ala, Asp, Glu, Gly, Pro, Ser, Tyr.
concentrations were similar among treatments and ranged from 10.5 to 11.7 mg/100 ml. Crude protein degradation ranged from 70.2 to 81.9%, and was not affected by either niacin or niacinamide. Effluent N flow was similar between treatments. Bacterial N in the effluent ranged from 1,265.9 to 1,474.5 mg/d. Efficiency of bacterial synthesis was not different among treatments, ranging from 34.2 to 38.9 g N synthesized/kg OM truly digested.
The influence of niacin and niacinamide on effluent flow of amino acids is presented in table 11. Total amino acid flow was 12% higher (P<.10) for niacinamide than for the control treatment. Cysteine flow was greater (P<.05) when diets were supplemented with niacinamide than for control.
Results from both experiments indicate a trend toward increased amino acid flow from the fermenters due to the addition of niacin to the diet. Total nonstructural carbohydrate digestibility was improved by niacin supplementation in Exp. 1; however, no improvement was found in Exp. 2. Effects of niacin and niacinamide were similar (P>.05), however, there was a trend for niacinamide to increase total amino acid flow more than niacin. Acid detergent fiber and cellulose digestibilities were higher (P<.10) with niacinamide supplementation. In contrast to previously reported results, niacin supplementation had no effect on bacterial protein synthesis. It is possible that the diets used in this study contained an adequate quantity of niacin so that there was no additional requirement for supplemental niacin. This is supported by the negative net synthesis found in this study and by Riddell et al. (1985) , who observed increased niacin degradation when diets were supplemented with too much niacin. While niacin is widely distributed in feeds, the niacin in cereals (including corn) has limited availability for some animal species (Riddell et al., 1980) . Positive responses in bacterial protein synthesis in previous in vitro studies have been frequently observed when substrate was high in corn (>70%) or was purified. The current study used complete mixed diets (possibly adequate in niacin), which may be the reason for no observed response. Further research is needed to define the type of diet (substrate) in which supplemental niacin may be required to optimize bacterial protein synthesis under practical feeding conditions.
